The tryptophan requirement of growing swine was determined using tile oxidation of L-[1-~4Cl-phenylalanine as an indicator of the adequacy of the dietary tryptophan level. Forty crossbred boars (30 to 45 kg) were fed a basal diet containing 16% protein supplied by corn and gelatin. A series of experimental diets containing .05, .08, .10, .15, .20 and .25% L-tryptophan were prepared. The diets were supplemented with crystalline amino acids to provide 135% of the recommended levels. Release of 14CO2 was measured for 1 h following a meal of the experimental diet containing 20 ~Ci 14C phenylalanine. Increasing dietary tryptophan from .05 to .13% decreased release of x4 CO2. Further increases in dietary tryptophan concentration did not significantly influence 14CO2 production. Regression analysis using a two-phase linear regression crossover model indicated that phenylalanine oxidation was minimized by a dietary tryptophan concentration of .13%. It was concluded that at a concentration of ,13%, tryptophan was no longer limiting the retention of the other amino acids, thus this is the requirement for maximum protein retention by the young, growing boar.
Introduction
Amino acid requirements for growing pigs have been intensively investigated, but considerable differences in estimates of requirements have been reported (NRC, 1979; ARC, 1981) . Much of this uncertainty is due to the impracticality of extensive growth experiments due to the high cost of crystalline amino acids. The importance of tryptophan has been stressed by Lewis et al. (1979) , who reported that tryptophan and lysine are equally limiting in corn-based diets for growing swine. Tryptophan requirements of weanling pigs and pregnant or lactating sows have been studied (Lewis and Speer, 1974; Zimmerman, 1975; Meisinger and Speer, 1979) . However, little information is available regarding the requirement during the growing-finishing phase.
The use of the oxidation of one amino acid to indicate the adequacy of the dietary conSupported by the Nat. Sci. and Eng. Res. Council of Canada and the Ontario Ministry of Agr. and Food.
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Dept. of Nutr. Received July 1, 1985 . Accepted October 29, 1985 centration of other amino acids was first described by Kim et al. (1983a,b) using baby pigs. The partitioning of laC-phenylalanine between oxidation and tissue deposition responds to the adequacy of the amount and composition of the dietary protein (Ball and Bayley, 1985) . Indirect amino acid oxidation experiments were carried out to determine the tryptophan requirements of growing pigs fed corn-gelatin diets. Boars deposit more carcass protein per unit of gain and were used in these studies instead of gilts or barrows because they would be more sensitive to changes in dietary tryptophan concentration.
Experimental Procedure
A total of 40 crossbred boars (25 to 40 kg initial weight) that had been fed a 16% protein corn-soy diet were transferred to the laboratory, where they were housed individually. They were adapted to a 16% protein corn-gelatin maintenance diet (table 1) provided as one meal per day at 5% of body weight. This diet was supplemented with crystalline amino acids up to the levels recommended by the NRC (1979) . During the week of adaptation, pigs were trained for periods of up to 3 h in respiration chambers (400 x 600 • 1,000 cm)that were 660 J. Anim. Sci. 1986.62:660-664 fContributed the following per kg of diet: isoleucine, 900 mg; lysine, 1 g; methionine, 600 nag; tryptophan, 700 rag. ventilated at 35 liters/min and maintained at a temperature of 25 C.
The expiry of CO2 was simulated by measuring the recovery of 14CO2 released from Na 2 Z4CO3 when the chambers were ventilated with air. When 14CO2 was released by acidifying the Na214CO3 with 1 M HC1, more than 99% of the activity was recovered by the collecting system.
After a week of adaptation, beginning at 0900 h, pigs were fasted for 24 h, then fed 600 g of the experimental diet with no supplemental tryptophan (total of .05% tryptophan), but with all other essential amino acids provided to at least 135% of NRC (1979) recommended concentrations (table 2) . This concentration of amino acids was designed to maximize the sensitivity of the 14 CO2 release to the adequacy of the dietary tryptophan concentration and was a modification of the procedure of Kim et al. (1983a,b) . After 1 h, pigs were transferred to the chambers. Three hours after the meal, the expired CO2 was collected for 60 min. This period was developed in preliminary experiments to ensure maximum sensitivity of the 14CO2 release to the adequacy of the dietary tryptophan level. The expired air was passed through a water-cooled condenser to remove water vapor, and then through a series of gas washing-bottles, each containing 200 ml of CO2 absorbant (ethanolamine:ethylene glycol monomethylether, 1:2 v/v). At the end of the collection period, blood samples were taken by orbital sinus puncture. Pigs were mechanically stunned, killed by exsanguination and livers excised. Plasma urea nitrogen concentrations were determined by the method of Marsh et al. (1965) .
One milliliter of the absorbant from each of the wash bottles was added to 15 ml of liquid scintillation counting fluid s and radioactivity expired as CO2 was quantitated by liquid scintillation spectrophotometry 6. Count rates were corrected for background; counting efficiency was determined using channels ratio. Gall bladder was removed from the liver and the liver was weighed, lyophilized and ground. Liver radioactivity was determined in duplicate samples (25 mg)that were moistened with .15 ml of water and then blended with 1.5 ml tissue solubilizer ~ before heating for 4 h at 55 C. After cooling, samples were neutralized with .03 ml glacial acetic acid and 15 ml of liquid scintillation counting fluid was added. Radioactivity was measured after a period of 48 h to avoid the effect of chemiluminescence.
Amino acid composition of the experimental diets was determined after hydrolysis with 6 N hydrochloric acid (24 h, 100 C) using an automated amino acid analyzer s. Tryptophan was measured similarly following protein hydrolysis by barium hydroxide (20 h, 100 C; Kohler and Palter, 1967) .
All data were analyzed by analysis of variance appropriate for a completely randomized design (Steel and Torrie, 1960) . Group comparisons were made using orthogonal contrasts (Ostle and Mensing, 1975) . The phenylalanine oxidation data were analyzed using a two-phase linear regression crossover model (Seber, 1977) that partitions the data between two separate regression lines to minimize residual variance. This allows an objective estimate of the crossover point between the two lines and hence of ~NCS, Amersham Corp., Arlington Heights, IL. 8Technicon Sequential Multi-Sample Amino Acid Analyzer, Technicon Instruments Corp., Tarrytown, NY. the dietary tryptophan concentration, which minimizes catabolism of the indicator amino acid.
Results and Discussion
Increasing dietary tryptophan concentration from .05 to .13% resulted in decreased 14CO~ release from la C-phenylalanine, while further supplements of L-tryptophan had no additional effect (figure 1). These findings show that dietary tryptophan was not limiting protein retention when supplied at .13% of the diet. Regression analysis indicated that the crossover point of the broken line plot relating raCO2 release to dietary tryptophan concentration occurred at .13% (95% confidence interval: .130 to .131%). The response of phenylalanine oxidation to dietary tryptophan is consistent with the hypothesis that the oxidation of any essential amino acid depends on the degree of deficiency of the most limiting amino acid in the diet (Kim et al., 1983b) .
The wide range of estimated dietary tryptophan requirements in the literature has been attributed to a lack of standardized experimental conditions. Williams (1981) described the variation in methods of analysis of feed ingredients and in the estimates of tryptophan contents. Differences have also been noted in the availability of tryptophan in different feed sources (Baker et al., 1971; Rivera et al., 1976) . Williams et al. (1954) , using carcass analysis, concluded that the dietary tryptophan requirement of finishing pigs was .1%. An even lower requirement of .059% for animals of this type was suggested by Brown et at. (1974) from nitrogen retention studies. Another nitrogen retention study of 18-to 34-kg growing pigs using lysine-methionine-threonine fortified, 12% protein, corn-soy diets indicated a requirement of .17% total dietary tryptophan (.13% available tryptophan; Russell et al., 1983) .
Tryptophan requirements also have been expressed relative to dietary lysine concentration. Battetham and Watson (1985) used this relationship when reporting requirements as a tryptophan: lysine ratio of. 135 for 20-to 45-kg growing pigs fed diets containing lupin-seed or meat and bone meal with a total of 1.0% lysine. The results of the present studies indicate a ratio of .14 since the lysine content of the experimental diets was .945%. This is in agreement with the ARC (1981). Cole (1980) , however, suggested a higher value of. 18.
The determined requirement of.13% dietary tryptophan for 25-to 45-kg growing pigs was slightly greater than NRC (1979) estimates of .11 to .12% for growing pigs weighing 20 to 60 kg. This would be expected because the growing boars used in the current experiments deposit more carcass protein per unit of gain than gilts or barrows. The determined requirement should therefore be higher for boars.
There was no significant effect of diet on incorporation of 14C into liver protein or on plasma urea concentration (table 3) . This was to be expected considering the small quantities of diet consumed during the experiment. Synthesis of liver protein and urea may vary independently (Tavill et al., 1973) , and the relatively large plasma urea pool size (Waterlow et al., 1978) makes any dietary effects more difficult to detect. The significant effect of dietary tryptophan concentrations on phenylalanine oxidation suggests that this parameter is a more sensitive index of tryptophan requirements than either changes in plasma urea concentration or changes in hepatic protein synthesis.
The results of the present experiments, together with previous literature reports, support the conclusion that the indirect amino acid oxidation technique can be used successfully to determine amino aicd requirements for growing swine.
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